Dehdari F, Mehrabi-Koushki M, Hayati J 2018 -Curvularia shahidchamranensis sp. nov., a crude oil-tolerant fungus.
Introduction
Curvularia belongs to family Pleosporaceae of the order Pleosporales and is morphologically characterized by having dark-pigmented structures (including those of the mycelia, conidiophore, and conidia) (Webster & Weber 2007) . Their conidiophores are percurrent, the conidiogenous cells are tretic and usually placed apically or intercalary in the conidiophore, and their conidia are sympodial and nearly elongated with transverse septa (Webster & Weber 2007) . At the beginning, curvularia-like species that produce phragmoconidia were solely distinguished by their shape and size of the sexual and asexual structures. Homoplasy and variability in morphological characters have resulted in the fact that the taxonomic status of these fungi by the traditional methods never has been fully understood. Currently, the molecular phylogeny has made it possible to identify Curvularia species based on the nucleotide sequences of ITS (internal nuclear ribosomal transcribed spacer region), gpd (glyceraldehyde-3-phosphate dehydrogenase) and EF1α (translation elongation factor 1-a) (Manamgoda et al. 2012a , b, 2014 , 2015 , Madrid et al. 2014 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a , b, Heidari et al. 2018 , Liang et al. 2018 . According to the recent findings in the molecular phylogeny of the helminthosporium-like fungi (Manamgoda et al. 2012a , b, 2014 , 2015 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a , some formerly known species of Bipolaris also transferred to Curvularia and the genus has been amended to accommodate them (Manamgoda et al. 2012a , b, 2014 , 2015 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 .
The genus Curvularia is widely distributed in soil, water, human, animals and plants as well as anywhere in the ecological environment (Sivanesan 1987 , Manamgoda et al. 2011 , 2012 a, b, da Cunha et al. 2013 , Rangaswamy et al. 2013 , Verma et al. 2013 , Hyde et al. 2014 , Ariyawansa et al. 2015 , Wijayawardene et al. 2017 . Curvularia spp. are mainly saprobes (Manamgoda et al. 2011 , 2012a , b, 2014 , 2015 , Scott & Carter 2014 , Tan et al. 2014 , however some of them also act as plant and human pathogen (Manamgoda et al. 2011 , Madrid et al. 2014 . Some species were also known as mutualistic endophytes (Tadych et al. 2012 , Gautam et al. 2013 , Jena & Tayung 2013 ).
In the present study, we report a new Curvularia species that was isolated from filed soils contaminated with crude oil in Iran. The morphological characteristics and phylogenetic analysis of the new species are provided. Furthermore, an in vitro assay carried out to compare the growth rates of this fungus on the PDA plates amended with different concentration of the crude oil.
Materials & Methods

Isolates and Purification
The isolates under study were obtained from filed soils contaminated with crude oil in Marun Oil Field (Marun 5) of Ahvaz, Iran. A serial dilution of the soil suspensions was prepared in sterile water containing 0.1% Tween 80 and plated on dishes containing potato dextrose agar (PDA, Difco, USA) supplemented with streptomycin (30 mg/L) using a L-shape spreader. The individual colonies were transferred to fresh media and purified by a single spore method. A diluted spore suspension (10 2 spores per ml) was made for each isolates and 100 μl of them was plated on water agar (WA). The plates were incubated in the dark at 28 °C for 24-48 h and a germinated spore was transferred to PDA medium.
The type specimens (dried cultures) were lodged with the Herbarium Ministerii Iranici Agriculturae, Iranian Research Institute of Plant Protection, Tehran, Iran (IRAN 16939F). Its extype living culture is deposited in the Iranian Fungal Culture Collection, Iranian Research Institute of Plant Protection, Tehran, Iran (IRAN 3133C). Furthermore, our isolates were maintained in Collection of Fungal Cultures, Department of Plant Protection, Shahid Chamran University of Ahvaz, Iran (SCUA-8-marun and SCUA-8.1-marun (Table 1) .
Morphological study
The morphological characteristics were examined by growing each isolate on PDA at 28 °C in a 12-h fluorescent light-and-dark up to 14 days. Colony diameter was measured at eight days. Figures were mainly prepared from fungal structures grown on the slide culture (Beneke & Rogers 1996) . After 8 days, morphometric and morphological characteristics (including 100 of the mycelia, conidiophore, and conidia) were determined with the 40x and 100x objective lens of a Leitz wetzlar (SM-LUX) Basic Biological Light Microscope (Riddle & Briggs 1950) . The colour of the fungal structures was recorded at day eight as described in Methuen handbook of color (Kornerup & Wanscher 1967) . The photographs were recorded with an OLYMPUS BX51 microscope fixed with an OLYMPUS DP12 digital camera. The isolates were morphologically compared with previously known species based on original and non-original description documented in literature review and MycoBank (Manamgoda et al. 2012a , b, 2014 , 2015 , Madrid et al. 2014 , Tan et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a .
Fungal biomass preparation
A mono-conidial colony of each Curvularia isolates was grown into shaking flasks containing potato-dextrose-broth (PDB) medium. The growth condition was at 28 ºC for 10-15 days. The mycelial biomass was retrieved by passing through filter papers and washed using sterile distilled water. Collected mass were freeze-dried (Freeze-Dryer, Alpha 1-2LD Plus, Christ) and then powdered in the mortar containing liquid nitrogen. The tubes containing fungal powder was stored in the -20 ºC freezer until consumed. 
DNA extraction and amplification
Fungal DNA was isolated from freeze-dried mycelia using an organic method as previously described by Raeder & Broda (1985) , with some modification (Ahmadpour et al. 2017) .
The partial amplification of nrDNA (internal transcribed spacer regions 1 & 2 and 5.8S) and gpd was performed using primers ITS1 and ITS4 (White et al. 1990 ) and gpd1 and gpd2 (Berbee et al. 1999) , respectively. Each PCR reaction contained 0.4 mM deoxyribonucleotide triphosphates (mix), 0.4 μM of each primer, 0.06 U/μl Prime Taq DNA Polymerase, 1X prime Taq Reaction Buffer, 2.5 mM of MgCl2, and 5 ng/μL template DNA. The thermal cycling was carried out using a MJ Mini TM Gradient Thermal Cycler (BioRad, Hercules, CA, USA). An initial denaturation step at 94 °C for 3 min was followed by 35 amplification cycles of denaturation at 94 °C for 30 s, 577 annealing at 54 °C (ITS) or 56 °C (gpd) for 30 s and extension at 72°C for 60 s. The thermal cycling was followed by a final extension step at 72°C for 10 min.
Purification and sequencing
PCR products were separated by gel electrophoresis in 1% agarose (Hispan Agar, Spain) stained with commercial safe stain (SinaClon, Iran), and visualized under UV light. Amplicons of the expected size were excised and purified with GF-1 AmbiClean Kit (Vivantis, Malaysia). Sequencing was performed in both directions using original PCR primers by Macrogen Company (Humanizing Genomics, Macrogen, South Korea). Raw ABI chromatograms were edited and aligned using the BioEdit Sequence Alignment Editor Version 7.0.9.0 (Hall 1999) . Multiple sequences of the same amplicons were assembled using DNA Baser Sequence Assembler v4 programs (2013, Heracle BioSoft, www.DnaBaser.com) . The assembled sequences are deposited at GenBank (http://www.ncbi.nlm.nih.gov/genbank/; Table 1 ).
Phylogenetic analyses
Phylogenetic relationships among the isolates under survey and reference strains were inferred from the combined two-locus data set using maximum likelihood algorithm (ML) in MEGA version 6 (Tamura et al. 2013) . Reference sequences belonging to the currently described species of Curvularia included in the phylogenetic analysis (as row data in Table 1 , Fig. 1) were mostly from Manamgoda et al. (2012a Manamgoda et al. ( , b, 2014 Manamgoda et al. ( , 2015 , Madrid et al. (2014) , Tan et al. (2014 Tan et al. ( , 2018 , Tomaso-Peterson et al. (2016) , Marin-Felix et al. (2017a, b) , Heidari et al. (2018 ), Liang et al. (2018 . The species of Bipolaris drechsleri was used as outgroup taxon. ITS and gpd sequences were individually aligned using Clustal W in BioEdit program, Version 7.0.9.0 (Hall 1999) . Alignments were checked visually and ambiguous sections were excluded before constructing twolocus data set. Composite alignments were generated with Clustal W in MEGA version 6 (Tamura et al. 2013 ) using optimum parameters. MEGA program identified the Tamura-Nei model with a proportion of invariant sites and gamma-distributed rate heterogeneity (TN93 + G + I) as the bestfit model of nucleotide substitution for ML analysis of the combined data set. Phylogenetic trees were generated with Subtree-Pruning-Regrafting (SPR) algorithm and following options: Gaps (insertion/deletions) were included in analysis, the bootstrap method (BP) was applied with 1000 replications. Two-locus matrix used for phylogenetic analysis was deposited in the Treebase database (http://purl.org/ phylo/ treebase/ phylows/study/TB2: S23053).
Fungus tolerance to crude oil
The isolates under study were tested for their ability to tolerate crude oil by visual assessment of the fungal growth on PDA medium. Desalted crude oil from Marun oil field was added into sterile Erlenmeyer flasks containing PDA supplemented with streptomycin and additional agar at the rate of 30, 40 and 50 percent (v/v). Two polar and nonpolar phases were mixed on heater shaker using 3-4% (v/v) Tween 80 and an orbital magnetic stirrer at 50-55 °C and then poured into Petri dishes. After medium solidifying, mycelial disks from the outer edge of an actively growing colony of each isolate were placed on the center of medium plates and were incubated at 28 ± 0.5 ºC. Control plates made of PDA without the addition of crude oil. Three plates were set for each concentration. The growth rates of the isolates were recorded daily by measuring the diameter of the colonies. Percentage of growth inhibition was calculated by Abbott formula as follow: percentage of growth inhibition = C -T/C × 100, where C and T mean diameter of the fungal colony in control and treatment, respectively.
Results
Phylogenetic analysis
DNA sequence analysis showed that both the ITS and gpd loci of the new species are identical with the previously described species Curvularia nicotiae. In phylogenetic analysis, two-578 locus data set totaled 968 bp of aligned DNA sequence data, including 626 conserved sites, 39 parsimony uninformative nucleotide positions and 295 parsimony-informative nucleotide sites. The analysis of individual sequences indicated that the gpd locus contained more parsimonyinformative nucleotide sites than the ITS locus. In two-locus based tree (Fig. 1) , the isolates of Curvularia shahidchamranensis cluster in a well-supported clade (99 % bootstrap support) with type strain of the Curvularia nicotiae, but morphologically highly different.
Taxonomy
Curvularia shahidchamranensis M. Mehrabi-Koushki, sp. nov., Fig. 2 MycoBank: MB826923 Etymology -Name refers to the Shahid Chamran University of Ahvaz, a scientific center that has trained a large number of specialists in various disciplines for Iran.
Morphology on PDA -Hyphae sub-hyaline to brown, branched, septate, thin and smoothwalled, 2.6-7.8 μm diam, (x ̅ = 5.1, SD ± 1.4 μm, n = 100). Conidiophores arising singly, septate, wider in upper parts, straight or flexuous, geniculate in apex in medium and long type, unbranched, cells walls thicker than those of the vegetative hyphae, smooth-walled at the base and slightly verruculose towards apex, pale brown to brown, (26-)31.2-119(-260) × (2.6-)3.4-5.2 μm, 95% confidence limits = 56.1-82 × 4.5-4.9 μm, (x ̅ = 69 × 4.7, SD = 45.5 × 0.7 μm, n = 100).
Conidiogenous cells frequently integrated, mostly with verruculose nodes, terminal or intercalary, with sympodial proliferation, with circular thickened scars, brown, subcylindrical to slightly swollen. Conidia smooth-walled, ellipsoidal to sub-cylindrical or even barrel-shaped, highest diameter at the third cell from base, straight or sometimes very slightly curved, (1-)3(-4)distoseptate, with diamond-like cellular chambers, rounded or hilate at the basal end, slightly flatted in apex, (23-)25-36.7(-39) × (10-)11-18.2 μm, 95% confidence limits = 29. Notes -In phylogenetic tree based on ITS-gpd dataset (Fig. 1) , the closest related species to Curvularia shahidchamranensis is C. nicotiae (Mouch.) Y.P. Tan & R.G. Shivas (Manamgoda et al. 2015) , with 99% bootstrap support. However, C. shahidchamranensis can be easily distinguished from C. nicotiae by the production of less septate and narrower conidia [(1-)3(-4)distoseptate and 29.7 × 15 μm average size in C. shahidchamranensis vs. 3-5 (-6)-distoseptate and 31 × 19 μm average size in C. nicotiae]. In addition, in C. shahidchamranensis the conidia have diamond-like cellular chambers with slightly flatted end in apex, while in C. nicotiae the conidia have elliptical to rectangular cellular chambers with rounded end at apex.
Fungus tolerance to crude oil
The results showed that this new species was able to grow on PDA amended with different concentration of crude oil (Fig. 3) . The highest concentration of crude oil used (50%) inhibited mycelial growth by an average of 24.5% based on the diameter of fungal growth. In addition, both isolates showed 18.2% and 21.2% growth inhibition at the concentration of 30% and 40% of the crude oil, respectively. 
Discussion
Curvularia species were mainly found in living or dead tissues of plants and human (Manamgoda et al. 2012a , b, 2014 , 2015 , da Cunha et al. 2013 , Tan et al. 2014 , Madrid et al. 2014 , Tomaso-Peterson et al. 2016 , Marin-Felix et al. 2017a ). As new species described above, some Curvularia species were also recovered from the soil, i.e. C. brachyspora (Boedijn 1933) , C. inequalis (Shear 1907) , C. nicotiae (Mouchacca 1973 ), C. soli (Marin-Felix et al. 2017a ), C. spicifera (Bainier 1908) and C. subpapendorfii (Mouchacca 1973) . A number of Curvularia species have been known as pathogens causing seed rot and seedling blight, root rot, leaf spot and blight, and grain discoloration and deformation (Benoit & Mathur 1970) ; some of them were also reported known as causal agents of leaf spots on grasses (Agrios 2005) . In this study, the new species was isolated from the filed soils which had been affected and contaminated with crude oil. The presence of Curvularia in this stressful soil feasibly could be due to the vegetation around contaminated areas such as wheat, barley and wild grasses. In this study, both isolates of the new species were known as a crude oil-tolerate fungus while they showed low growth inhibition on medium amended up to 50% (v/v) crude oil used. Based on literature review (Norton 2012 , Anastasi et al. 2013 , some filamentous fungi are capable to
